INTERPRETATION Apart from some specific knee patterns during stance and ankle patterns during swing, the results suggested that clinicians could use predefined joint motion patterns in CP with good confidence, even in case of limited experience with 3DGA.
This study investigates the level of agreement with which clinicians can recognize specific joint motion patterns during gait in children with cerebral palsy (CP). Recently, a three-round Delphi consensus study defined a comprehensive set of joint motion patterns based on kinematic and kinetic deviations for all ambulatory children with the spastic type of CP, irrespective of, for example, age, functional level, or previous treatment. 1 Supported by previous literature and the clinical expertise of the panel, three to seven patterns were defined for each of the different lower limb joints based on kinematic and kinetic data from three-dimensional gait analysis (3DGA). There is increasing evidence on the importance of gait analysis for clinical decision-making, and it is suggested that a patient is more likely to have a better outcome post treatment if treatment is planned in accordance with recommendations from 3DGA, rather than if it is based solely on other clinical examinations. [2] [3] [4] Consequently, gait data has often been used in the past to classify the numerous gait abnormalities that characterize CP. [5] [6] [7] [8] However, for any classification to be useful in clinical practice, it needs to be shown that clinicians can consistently assign the gait patterns in the CP population. Dobson et al. reported that reliability was evaluated for only two out of 18 identified gait classifications in CP. 5 Rodda et al. 9 examined the interrater agreement of five gait patterns twice and found that six clinicians, experienced in 3DGA, reached overall acceptable agreement in 40 children, albeit with wide confidence intervals. Even the most commonly used and cited classification of Winters et al., 10 developed in 1987, was only tested for its reliability in 2006. Results showed that 16 very experienced clinicians reached overall acceptable agreement on the four gait patterns in 34 children with CP when using kinematic data in combination with video data; however, after studying the results in detail, agreement in two out of four patterns was found to be poor. 11 Regarding the patterns defined in the aforementioned Delphi study, 1 inter-and intrarater clinician agreement remains to be assessed. The present study used kinematic and kinetic data from a large sample of children with CP to measure the level of agreement on all different joint motion patterns in a group of clinicians with different paramedical specialties and various levels of experience with 3DGA. The research questions were: (1) Is there a good level of inter-and intrarater agreement for all joint motion patterns? (2) Is experience with 3DGA a prerequisite for using the specified joint patterns during gait?
METHODOLOGY Patient group
After the project was approved by the medical ethics committee of University Hospitals Leuven (ref. s56036), a retrospective sample of convenience was recruited from the motion analysis laboratory of the hospital. Eligible patients were between 4 years old and 18 years old, classified in Gross Motor Function Classification System levels I to III, had predominantly spastic CP, and had undergone 3DGA. Previous treatments such as singleevent multilevel surgery or botulinum toxin type A injections were allowed. All gait analyses were performed by experienced clinicians, using a 10 to 15 camera Vicon system (Vicon Motion Systems Ltd., Oxford, UK) and two AMTI force plates (Advanced Mechanical Technology Inc., Watertown, MA, USA), following the Plug-In-Gait marker model. Children walked barefoot at self-selected speed on a 10-metre walkway. For patients with unilateral CP, only the affected body side was eligible to be included. Two representative steps with good quality kinematics and kinetics were classified per side for each patient, resulting in 258 gait steps belonging to 92 patients with CP.
Raters
No fixed number of raters was targeted. In 2015, all participants of the gait courses preceding the conferences of the Gait & Clinical Movement Analysis Society (GCMAS) and the European Society for Movement Analysis in Adults and Children (ESMAC) were invited by email to take part in the study. Forty-two clinicians expressed an interest to participate and were asked to complete a short online survey, in which demographic information and data concerning their level of experience with 3DGA and CP was collected. In November 2015, a learning phase was proposed, when all candidates were encouraged via screencast presentations to become familiarized with the online software that would be used to perform and collect the classifications (http://cmaltools-leuven.be). Further presentations provided them with definitions and illustrations of the different joint gait patterns as they were presented in the Delphi study. 1 Pilot data from 10 patients with CP, independent of the recruited study sample, were also available to all candidates to allow them to get acquainted with the software and with assigning the joint patterns. After the learning phase, 32 candidates confirmed their willingness to participate in the remainder of the study. They were divided into 'experienced' (n=16) and 'inexperienced' (n=16) groups based on their experience with 3DGA. Experience was measured by the raters' selfreported level of expertise, years of experience, and frequency of collecting or interpreting data of 3DGA (Table I) . For each rater, the answers to these three questions were scored on a 5-point ordinal scale and then summed (minimum score of 3 and maximum score of 15). The 16 highest scoring raters formed the 'experienced' group. During the study, raters were unaware of which group they were allocated to.
The study comprised two classification rounds, each of them lasting 5 weeks with a minimal interval of 1 week inbetween. During the second round, each rater received the same patients in a different order and with a different name. Raters were blinded to all patient information apart from the kinematic and kinetic reports, which, in combination with a minimal one week interval, maximized the independency between the ratings of the two rounds. Each rater received login details for www.cmal-tools-leuven.be, 3DGA, three-dimensional gait analysis.
What this paper adds
• Intra-and interrater agreement was found on joint motion patterns in cerebral palsy.
• Intrarater agreement is rater-specific and not generalizable to all clinicians.
• Experienced raters better identified knee patterns in stance and ankle patterns in swing.
where they could find the reports and were able to make the classifications. Raters were also asked to indicate a trial as 'unclassifiable' if they considered a patient not to fit any of the described patterns. Raters were free to classify their patients at times suitable for them, so it was possible to perform all classifications in one effort or to spread them over different times and days. To obtain a criterion classification, two expert raters who carried out the Delphi study classified all patient trials. In case of disagreement between these raters, consensus was sought with a member of the Delphi expert panel.
Statistical analysis
Power calculations were performed in R (v3. Table SI , online supporting information). From the recruited patient group (n=92 patients), 82 patients were randomly selected. One step for one side per patient was randomly selected, yet the presence of patterns with a prevalence of less than 10% was ensured in the selection. Because it was uncertain that all raters would finish two classification rounds, some margin was added in the distribution of patients among the raters. Each rater was asked to classify 27 or 28 patients so that if no rater dropped out, each patient would be classified at least five times in both the 'experienced' and 'inexperienced' groups. Inter-and intrarater agreement scores were calculated per each joint for all raters, and for the 'experienced' and 'inexperienced' groups separately. Mean interrater agreement between the criterion classification and each rater was also calculated. Trials that were reported as 'unclassifiable', were included in the analysis as the pattern of each joint that indicated 'No or minor gait deviations'. Fleiss' or Light's Kappa with 95% CIs and percentage of agreement (POA) were calculated in Matlab based on the maximum number of ratings that were available per rater group for each patient, that is five ratings if no rater would drop out (Cohen's kappa: http://www.mathworks.com/matlabcentral/fileexchange/15365). [12] [13] [14] The strength of K was interpreted as 'poor' (K<0), 'slight' (K=0-0.20), 'fair' (K=0.21-0.40), 'moderate' (K=0.41-0.60), 'substantial' (K=0.61-0.80), or 'almost perfect' agreement (K=0.81-1.00). 15 Kappa scores of different rater groups or between the two classification rounds were considered to be significantly different from each other if there was no overlap in CIs.
RESULTS
The studied sample consisted of 82 children with spastic CP of whom 47, 26, and 9 were classified as Gross Motor Function Classification System levels I, II, and III respectively. Out of the 82 children, 57 were males, 25 were females, and 55 were bilaterally involved. Mean age was 9 years and 5 months (SD 3y 11mo), mean weight was 31.5kg (SD 15.8kg) and mean height was 130.9cm (SD 24.0cm). Table I describes the characteristics of the participating raters. Twenty-eight raters from 24 different clinical or research institutes across eight countries completed both classification rounds. Three raters dropped out (two inexperienced raters, one experienced rater), and one inexperienced rater only completed the first round. With this drop-out number, a minimum of four ratings was available in each rater group for each of the 82 patients (as required by power analysis, see also 'Statistical analysis'). Therefore, for all interrater agreement calculations, four ratings were randomly selected per rater group, even if more were available. Only three out of 8701 ratings were missing in the first round and seven out of 8404 ratings in the second round. In the first round 4.7% of all ratings were deemed to be 'unclassifiable', slightly increasing up to 5.5% in the second round. Two raters accounted for one-third of the unclassifiable ratings and the ratings were primarily assigned to the patterns of the hip in the sagittal (9.7%), coronal (13.0%), and transverse planes (8.5%). Table SII (online supporting information) presents an overview of the percentage of 'unclassifiable' ratings per rater and per joint. Most raters indicated that they chose the option 'unclassifiable' because they felt a pattern was missing, for example 'hyperextension during stance' for the hip in the sagittal plane.
Intrarater agreement
Table II provides intrarater agreement scores. POA for the entire rater group ranged from 82% to 94%, except for the knee during stance (POA=70%). Taking into account the possibility of agreement by chance, the raters reached 'substantial' to 'almost perfect' agreement for all joints, with the lowest scores for the knee patterns during stance (K=0.64, 95% CI 0.60-0.68) and the highest for the foot progression angle (K=0.91, 95% CI 0.88-0.93). Rater groups only differed significantly (no overlap in CI) for the knee patterns during stance (experienced raters, K=0.70 vs inexperienced raters, K=0.57). Individual intrarater scores were characterized by much variability (Tables SIII-IV , online supporting information); the mean K over all joints per rater was 0.76, with the experienced raters varying from 0.73 to 0.90, and the inexperienced raters from 0.59 to 0.89.
Interrater agreement
Table SV (online supporting information) presents all interrater agreement scores. POA varied from 74% to 91% for the rater group as a whole, except for the knee during stance (POA=58%). Considering agreement by chance, 'substantial' agreement was found for all joints but the knee during stance ('moderate' agreement, K=0.49, 95% CI 0.47-0.51) and the foot progression angle ('almost perfect' agreement, K=0.86, 95% CI 0.83-0.89). The experienced rater group achieved significantly higher agreement scores compared with the inexperienced raters (no overlap in CIs) for patterns of the knee during stance (K=0.57 vs K=0.41), the ankle during swing (K=0.76 vs K=0.51), and borderline higher agreement for the pelvis in the transverse plane (K=0.78 vs K=0.66). The expert raters who classified all 82 patients reached 'almost perfect' agreement for all joints (0.80≤K˂0.98), except for the knee during stance (K=0.62, 95% CI 0.50-0.74; Table SVI, online supporting information).
Table SVII (online supporting information) reports pattern-specific agreement for the experienced and inexperienced raters; Table SVIII (online supporting information) presents pattern-specific scores for all raters. Overall, six patterns reached notably lower levels of agreement compared with the other patterns of their respective joints: 'increased pelvic range of motion' (K=0.47, 95% CI 0.43-0.51), 'hip extension deficit' (K=0.50, 95% CI 0.45-0.54), 'delayed peak knee flexion in swing' (K=0.57, 95% CI 0.53-0.61), 'reversed second ankle rocker during stance' (K=0.57, 95% CI 0.53-0.61), 'insufficient ankle prepositioning in swing' (K=0.49, 95% CI 0.45-0.53), and 'excessive hip abduction in swing' (K=0.55, 95% CI 0.51-0.59). All but one of the knee patterns during stance reached low agreement results (all K<0.60). Notably, the experienced raters agreed significantly more often than the inexperienced raters on the patterns 'normal ankle during swing' (K=0.75 vs K=0.50), 'insufficient prepositioning' (K=0.69 vs K=0.34), and 'drop foot' (K=0.78 vs K=0.53).
The mean interrater agreement between each rater and the criterion classification (Table SV, online supporting information) produced comparable results with the agreement levels of the rater group as a whole. The comparison with the criterion classifications scored significantly lower than the interrater agreement levels for the pelvis (K=0.68 vs K=0.59) and knee patterns during swing (K=0.72 vs K=0.66) in the sagittal plane, as well as the hip in the transverse plane (K=0.78 vs K=0.69). Again, individual interrater comparisons with the expert classification varied highly between different raters (Tables SIX and SX, online supporting information); mean K over all joints per rater was 0.66, ranging from 0.42 to 0.82.
Interrater agreement scores between the first and second classification round were almost equal; differences in K values between rounds were within 0.03, except for the agreement for the knee during stance and hip in the sagittal plane, with K-increases of 0.05.
DISCUSSION
In general, this study found that the level of agreement with which clinicians can recognize recently specified joint motion patterns during gait in children with spastic CP was good for the patterns of all joints across all planes, except for the knee during stance in the sagittal plane ('moderate agreement'). Significantly higher agreement levels in the experienced rater group for the classification of knee patterns during stance and ankle patterns during swing, suggest that experience with 3DGA might be advantageous in assigning the patterns reliably.
Intrarater agreement is identified as being 'almost perfect' for the patterns of the foot progression angle and 'substantial' for the patterns of all other joints. Intrarater agreement of gait patterns in CP has been reported by Rodda et al., 9 who found agreement of six experienced raters for five sagittal gait patterns in children with diplegia to vary between K=0.66 and K=1. For the same patterns, Stott et al. 16 found the intrarater agreement of five raters to range between K=0.50 and K=0.68, based on video observations. In the present study, individual intrarater agreement scores were similar (mean K over all joints within 0.59 to 0.90) and without marked differences between experienced and inexperienced raters, except for the knee patterns during stance phase. Several factors potentially influencing the intrarater agreement results were examined: level of experience with treating CP patients, age, profession of the raters, and amount of time in which the classification rounds were completed. Based on these data, it was not possible to identify factors that could discriminate between the 'higher-' and 'lower-' scoring raters. It appears that intrarater agreement on gait patterns in children with CP cannot easily be generalized to all clinicians but rather is rater-specific, implying that intrarater agreement should always be evaluated before applying the classification in practice. In the future, it would be interesting to examine the extent of additional training that is required to obtain 'almost perfect' intrarater agreement results in all raters.
Interrater agreement levels and POA in both classification rounds indicated good agreement for most joints, apart from the foot progression angle ('almost perfect' agreement) and the knee during stance ('moderate' agreement). Both expert raters also achieved notably lower agreement for the knee during stance ('substantial' agreement) compared with the other joints. Given that the knee during stance is characterized by the highest number of patterns (n=7), it also has the highest probability of disagreement. Consequently, it is not surprising that lower agreement results were found. However, other factors could also explain the lower agreement scores for the knee patterns during stance. One issue could be the difficulty in differentiating between patterns for which the definitions sometimes include similar features that have a continuous distribution, such as increased knee flexion at initial contact. Therefore, some patients could appear 'textbook examples' of a pattern, whereas others will appear to be more borderline. It is not clear to what extent this issue has played for the knee patterns during stance, as similar problems might arise for the sagittal plane pelvis patterns and ankle patterns during stance and swing. Nonetheless, with POA=58% and K=0.49 for all raters, it is clear that the knee patterns during stance cannot yet be used by clinicians with confidence. The same conclusion applies to the six other patterns that reached relatively low agreement scores (K<0.60, Table SVII, online supporting information). It is not uncommon to find an overall 'good' (to 'very good') level of agreement for a classification of gait in CP and at the same time discover less acceptable levels of agreement for a few specific patterns. The present study identified 12 out of 49 patterns (25%) with 'fair' or 'moderate' agreement. Rodda et al. found similar results for the patterns 'jump gait' and 'apparent equinus' (two out of five patterns, 40%); likewise, Dobson et al. found this result for groups II and III (two out of four patterns, 50%) of the Winters' classification. [9] [10] [11] These results suggest that current definitions for these patterns might not be descriptive (or restrictive) enough and adaptations could be necessary.
The experienced rater group consistently reached slightly higher agreement levels (average K difference of 0.09 between both rater groups for interrater agreement). Given that the patterns evaluated in this study were defined by a very experienced panel, it might be hypothesized that the patterns therefore fit more naturally with raters who are already more familiar with 3DGA. This is contrary to the findings of Dobson et al. 11 who found slightly higher agreement for physiotherapists with less experience in 3DGA, hypothesizing that clinicians with more experience in 3DGA might be more lenient to individual interpretations of the patterns. It should be noted that the rater group in that study had much more experience with 3DGA than both rater groups in the present study. Even with slightly lower agreement results, the inexperienced rater group still reached substantial to almost perfect agreement results for all joints, except for the knee during stance and ankle during swing. Perhaps inexperienced raters might benefit from a more controlled learning phase.
A few limitations should be discussed. First, 4.7% of all ratings for all patterns were deemed to be unclassifiable, and the majority of these ratings were made for patterns of the hip across the three anatomical planes. Compared with research on the patterns by Winters et al., 17, 18 this is a relatively low number, which could be interpreted as an indirect confirmation of the content validity of the patterns. Future research should therefore further examine the causes and characteristics of the unclassifiable hip trials. By conservatively considering unclassifiable trials as 'normal or minor gait deviations' in the analysis, somewhat different agreement results might have been found if these trials were considered as a separate group. Second, the effect of prevalence or bias on K was not examined. The penalizing effect of asymmetrical prevalence of joint patterns on K did, however, not appear to be a problem when comparing K with POA. Unfortunately, statistical procedures that adjust K to minimize these effects, such as prevalence-adjusted bias-adjusted K, cannot be used in the case of more than two classes or raters. 19, 20 Third, the learning phase of the present study was intentionally limited and uncontrolled. This could explain why variation and generally slightly lower agreement results were found for the interrater agreement between the criterion classification and the rater groups compared with the overall interrater agreement results. The difference was on average 3% in POA (range 0-8%) and 0.05 in K value (range 0.01-0.09). The most obvious reason for this variation is that some pattern definitions were misunderstood by the recruited raters. In addition, some guidelines or classification rules might have been too vague or raters might have made accidental errors using the online graphical user interface. However, it is unclear to what extent the brief and uncontrolled learning phase will have accounted for these different sources of disagreement. In the future, crosstables, which portray the agreement between each rater and the criterion classification for every patient, may be examined to investigate which classification guidelines might have been misunderstood and should therefore be optimized. Last, the present study only focused on reliability. The joint motion patterns examined in this study were the result of a Delphi consensus study, which was based on the informed, yet subjective opinion of experts. Aside from each expert's individual experience, their opinion was only shaped by the results of a previous literature review and kinematic and kinetic examples, which were used for illustrative purposes or to elicit discussion. No extensive clinical database was used during the consensus study. Other psychometric properties, such as content validity, construct validity, and responsiveness, should therefore be thoroughly investigated before the patterns' clinical relevance and applicability could be entirely accepted.
In conclusion, the present study shows promise that even with a limited learning phase or limited experience with 3DGA, clinicians will be able to assign most joint motion patterns during gait confidently. However, future research should examine characteristics of unclassifiable patients and re-examine the definitions of specific patterns with low agreement. It is not unreasonable to assume that agreement might significantly improve given a stricter learning phase, where, for instance, raters are instructed to classify pilot patients with CP after which feedback on the results is provided. This is the first study using 3DGA data to evaluate the level of clinician agreement on gait patterns in CP, in a large international rater group from various clinical and research centres, with a range of clinical professions, and with different levels of experience with 3DGA and CP. By keeping the learning phase intentionally brief and uncontrolled, the generalizability of the presented results is maximized. ico, division of physical therapy). A Nieuwenhuys is supported by an OT project of KU Leuven University (OT/12/100). E Papageorgiou is supported by the MD Paedigree project, a ModelDriven Paediatric European Digital Repository, partially funded by the European Commission under FP7 -ICT Programme (grant agreement no: 600932, http://www.md-paedigree.eu). Funders had no involvement in study design, data collection, data analysis, manuscript preparation, and/or decision to publish. The authors have stated that they had no interests which might be perceived as posing a conflict or bias.
SUPPORTING INFORMATION
The following additional material may be found online: Table SI : A priori sample size estimations to ensure sufficient power of the intra-and interrater agreement calculations.
Table SII: Overview of unclassifiable ratings (%) in the first round per rater and per joint. In total, 4.7% of all ratings were rated unclassifiable. Table SIII : Overview of intrarater agreement kappa and POA for each rater in the inexperienced rater group (n=13). Table SIV : Overview of intrarater agreement kappa and POA for each rater in the experienced rater group (n=15). 
